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(57) Abstract: The system comprises a 
display device having a pattern of pixels 
associated with color filters (5B, 5G, 5^) and 
a backlight system for illuniinating the display 
device, which backlight system comprises a 
light-emitting panel (11) and a light source 
(16) associated with the light-emitting panel 
(11). The light source (16) comprises a 
plurality of light-emitting diodes O-^'^^s) 
of at least three different colors, the LEDs . 
bring associated with ihe color fillers (5B, 
50 5R). Preferably, the spectral emission 
of 'each of the LEDs substantially matches 
the transmission spectrum of the color filters 
(5B, 5G, 5R). Preferably, the bandwidth 
(FWHM = full width at half maximum) of 
the LEDs ranges from 10 ( FWHM ( 50 nm. 
Preferably, the intensity of the light emitted 
by the LEDs varies with the light level of the 
image to be displayed by tlic display device. 
Preferably, the intensity of the light emitted 
by the backlight system is controllable on 
a &ame-to.frame basis and, preferably, for 
each color. Preferably, the LEDs comprise 
a plurality of red, green, blue (and amber) 
LEDs, each having a luminous flux of at 
least 5 lumen. Due to the comparalively small 
bandwidth of the LEDs, much larger color 



spaces I 



I be obtained using existing color filter technology. 
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Assembly of a display device and an illumination system 
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The invention relates to an assembly comprising 

- a display device provided with a pattern of pixels associated witii color 



filters, and 



- an illumination system for illuminating the display device. 

- said illumination system comprising a light-emitting panel and at least one 
Hght source, said Ugjit source being associated with the Hght-emitting panel. 

The invention further relates to a display device for use in said assembly. 

The invention also relates to an illumination system for use in said assembly. 

Such assembUes are known per se. They are used, inter alia, in television 
receiveia and monitors. Such assembUes are particularly applied in non-emissive displays, 
such as liquidcrystal display devices, also referred to as LCD panels, in combination with so- 
called bacldights. for example edge lighting illumination systems. Such illumination systems 
are used, in particular, indisplay screens of (portable) computers or in datagraphic displays, 
for ex^ple (cordless) telephones, in navigation systems, in vehicles or in (process) control 



15 rooms 



20 



25 



In general, a display device mentioned in tiie opening paragraph comprises a 
substrate provided with a regular pattern of pixels, which are each driven by at least one 
electrode. In order to form an image or a datagraphic representation in a relevant area of a 
(display) screen of the (picture) display device, tiie display device employs control 
electronics, for example acontrol circuit In an LCD device, the light originating from ihe 
backlight is niodulated by means of a s>yitch or a modulator, and use is made of various types 
of liquid crystal effects. Besides, tiie display may be.based on electrophoretic or 

electromechanical effects. 

In the illumination system mentioned in the opening paragraph, tiie light 
source used generally is a tubular low-pressme mercury vapor discharge lamp, for example 
one or more compact fluorescent lamps, wherein tiie light emitted, in operation, by ti.e hght 
source is coupled into the Ught-emitting panel, which functions as an optical waveguide, ms 
optical waveguide generally forms a comparatively thin and flat panel which is made, for 
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example, of a synthetic resin or glass, light being transported through said optical waveguide 
under the influence of (total) internal reflection. 

Such an illumination system may alternatively be provided with a light source 
in the form of a plurality of optoelectronic elements, also referred to as electro-optical 
5 elements, for example electroluminescent elements, such as light-emitting diodes (LEDs). 
These light sources are generally provided in the proximity of, or in contact with, a light- 
transmitting (edge) area of the light-emitting panel, so that, in operation, light originating 
from the light source is incident on the light-transmitting (edge) area and diffuses in the 
panel. 

10 

EP-A 915 363 discloses an assembly of an LCD display device and an 
illumination system, wherein the illumination system comprises two or more light sources for 
generating light of different color temperatures. In this manner, the JLCD display device is 
15 illuminated in accordance with the desired color temperature. For the light source use is made 
of different types of fluorescent lanaps which, in operation, emit light of different, 
comparatively high color temperatures. 

An assembly of the above-mentioned type has the (Usadvantage that the light 
source in the illuminatioii system of the known assembly has a fixed electromagnetic 
20 spectrum, which is a mixture of different wavelengths in the visible range. This leads to a 
reduction of the efficiency of the assembly. Besides, this causes the color rendition by the 
display device to be Uniited. 

25 It is an object of the invention to completely, or partly, overcome the above- 

mentioned disadvantages. The invention more particularly aims at providing an assembly of 
the type mentioned in the opening paragraph, wherein the efficiency of the assembly is 
increased and the color-rendering capacity of the display device improved. 

In accordance with the invention, this object is achieved in that the light 
30 source coinprisei^ at least three light-emitting diodes having different light-CTiission 
wavelengths, said light-emitting diodes being associated with the color filths. 

In ihe claims and in the description of this invention, "a LED associated with a 
color filter" is to be taken to mean tiiat said LED is matched to the relevant color filter in 
such a manner that the spectral emission of the relevant USD corresponds substantially witii 
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the spectral maximum of the relevant color filter/In general, the color filter comprises three 
color filters: e^ch of which passes a different color, i.e. a blue, a green and a red color filter. 
In the example wherein the Hght source comprises LEDs having three different Ught- 
emission wavelengths, the light source generally includes blue, green and red LHDs. In this 
case "associated with" means that the spectral emission of the blue LED is substantidly 
adapted to the "transmission" spectrum of the blue color filter, the spectral emission of the 
green LED is substantially adapted to the (transmission) spectrum of the green color filter, 
aid the spectral emission of the red LED is substantially adapted to the (transmission) 
spectrum of the red colofi If ^ « composed of ^^s havmg four different light- 

emission wavelengths, the Ught sbuice generally comprises blue, (bluish) green, amber and 
red LEDs. Li this ewe. "associated with" means that the special: emission of the blue LED is 
substantially adapted to the (^ransnnssioi)spisctrum of the blue ^^^^ , 
emission spectra of the (bluish) green, amber and red LEDs are selected such that the thr^ of 
them arc adapted to the (transmission) spectra of the green and the red color filter. 

The color filters which are customarily used in display devices have a 
comparatively large spectral bandwidth. This bandwidth. expressed in FWHM (= "fiiU width 
at half maximum") typically is of the order oifS 100 nm. Hiis large bandwidth of these color 
filt^ caii be attributed to the fact that, customarily, simple and inexpensive (CO 
■ ibsor^don filters are used. In the known assembly, the Ught source uspd is a low-pressure 
20 mercury-vapor discharge lamp (fluorescent lamp) having a spectrum which, in operation, has 
a number of main bands at various wavelengths, while also a substantial part of the energy is 
emitted at Afferent wavelengths. Since the fluorescent lamp emits a part of its energy in 
spectral ranges where the color filters are comparatively insensitive, the energy of the U^t 
source in the known assembly is converted comparatively inefficiently to a brightness of a 
25 picture to be displayed by the display deVice. As a result, the energy efficiency of flie known 

assembly is comparatively low. 

In the known assembly, a light source, which covers at least substantially the 

whole visible spectmm. is used in combination with color filters having a comparatively 
large bandwidth; as a result thereof, the color points that can be reached arc all situated in a 
30 comparatively small'(color) space of the 1931 C.I.E. color triangle known to those skUled in 
the art. If said (color) space is comparatively small, only a limited number of colors can be 
t^dered by the display device. Birthermore. the so-called color saturation of such colors is 
comparatively low. Under these conditions, the colors of a picture displayed by the display 
device are perceived as being comparatively pale. 
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The inventors have recognized that by employing LEDs of different colors as 
the light source, said USDs being associated with the color filters in the display device, the 
efficiency of the assembly is increased and the capacity to render colors of a picture 
displayed by the display device is improved. As the LEDs have a comparatively small 
bandwidth, the spectral emission of the LEDs can be adapted to the spectrum of the color 
filters such that an optimum energy conversion takes place in the assembly. By virtue of the 
combined action of the LEDs in the illumination system and the color filters in the display 
device, the energy efficiency of ttie assembly in accordance with the invention is increased. 

An important further advantage of the use of LEDs as the light source over the 
low-pressure mercury-vapor discharge lamps in the known assembly resides in that each one 
of the LEDs of a different color can be independently attuned to the color filter associated 
therewith, i e. independent of the LEDs of a different color. This results in a great freedom of 
choice to optimally "associate" LEDs with various types of color filters. Dependent upon the 
color points, as laid down in international standards for pictures to be displayed by ^picture) 
display devices, the most suitable mix of LEDs can be chosen. Examples of such 
international standards are the color triiangles as laid down in standards such as NTSC, EBU, 
HDTV, etc., which are known to those skilled in the art. 

in addition, as LEDs have a comparatively small bandwidth, larger color 
spaces in the CLE. color triangje can be encompassed. This leads to an increase of the 
number of colors that can be rendered by the display deyice. In addition, the colors rendered 
have a comparatively high color saturation. The measure in accordance with the invention 
enables a picture to be displayed on the display device having a great variety of bright and 
strong colors. 

Combinations of said three or more LEDs of different colors enable color 
spaces to be formed in the 1931 CLE. color triangle, which are so large that the above- 
mentioned internationally standardized color triangles can be encompassed thereby. Control 
electronics in the asseihbly. for example driven by tiie display device, mdce sure that upon 
changing the emission standard, the light emitted by the LEDs is always optimally "attuned" 
to the selected internationally standardized color triangle, It is particularly suitable if the 
control electronics can be influenced by the user of the assembly, through a sensor which, for 
example, measiies the color temperature of the ambient light, through a video card of, for 
example, a (personal) computer and/or through drive software of a computer program. 

The use of LEDs having different Ught-raiission wayelengths has the 
additional, further advantage that by controlling the relative intensities of the differently 
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colored LBDs, the color point of a picture to be displayed by the di^lay device can be 
adjusted without it being necessary to control the transmission factors of the pixels of the 
display device. In other words, the change of the color point of a picture displayed by the 
display device is controlled by the illumination system, not by the display device. By suitably 
unlinking the functions of the illumination system and the display device in the assembly, an 
increase of the contrast of the picture displayed by the display device is obtained. Since 
controlling the color point of the picture displayed by the display device is predominantly 
earned out by the illumination system, the transmission factors of the jrixels of the display 
device can be optimaUy used to display a high-contrast picture. The use of I^Ds yields 

dynamic illumination possibilities. 

A preferred embodiment of the assembly in accordance with the mv«ition is 

characterized in that 

- the light source comprises three Ught-emitting diodes having,different 

light-emission wavelengths, and 

- the color filta- comprises three color filters, 

- the spectral emission of each time one of the three Ught-emitting diodes 
being substantially adapted to the spectrum of one of the color filters. 

In this preferred embodiment, the spectral characteristic of theLEDs of the 
• first color is associated with the spectrum of the first color filter, the spectral characteristic of 
the tEDs of the second color is associated with the spectrum of the second color filter, and 
the spectral characteristic of the LEDs of the third color is associated with the spectrum of the 
third color filter. By using LEDs having different light-emission wavelengths, the spectral 
emission of each one of the LEDs of a different color can be optimally attuned to the 
spectrum of the color filter associated with the relevant I^. As aresult. an optimum energy 
conversion is obtained in the assembly. By virtue of the combined action of the UEDs in the 
illumination system and the color filters in the display device, the energy efficiency of the 

assembly in accordance with the invetition is increased. 

A preferred embodiment is characterized in tiiat 

- the light source comprises at least one blue:iight-emitting diode,.at least one 
) greenlight-emittingdiodeandatleastoneredlight-emittingdiode. 

- ttie colOT filter comprises a blue, a green and a red color filter, and 

- in operation, the blue color filter predominantiy passes light originating from 
the blue light-emitting diode, the green color filter predominantiy passes light originating 
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from the green light-emitting diode and the red color filter predominantly passes Ught 
originating from the red light-emitting diode. 

As a result of the great freedom regarding the choice of blue, green and red 
LEDs with a predetermined spectral maximum, a suitable LED can be found for each one of 
said blue, green and red ciolor filters. 

A preferred embodiment of the assembly in accordance with the invention is 
characterized in that at least one of the light-emitting diodes is chosen such that the 
wavelength associated with the spectral maximum of the light-emitting diodes corresponds to 
the wavelength associated with the spectral maximum of the corresponding color filter in the 

visible spectrum. 

The color filters that are customarily used in display devices have a 
comparatively large spectral bandwidth. In general, the color filters have a so-caUed 
absorption band with a maximum. In general, the blue and the green color filter have a 
comparatively wide spectral transmission band in the visible spectnim. Given these spectral 
bands, it is comparatively easy to find a suitable LED enabling a good match of the maxima 
in the spectra of the LED and the color filter. Given these spectral bands, it is comparatively 
easy to find a suitable LED enabUng the maxima in the spectra of the LED and the color filter 
to be properly matched. The red color filter has a wide band, which partly extends beyond flie 
visible range and which has a wide maximum. As a result, the selection of a suitable red LED 
to match the red color filter also depends on other factors, for example the eye sensitivity 
curve. For this reason, use is often made of LEDs of four colors.namely a mix of blue, 
(bluish) green, amber arid red I£Ds, instead of the customary three basic colo^^^ ; 

As a large variety of LEDs is conunercially available, it is comparatively 
simple to select the LED which, in terms of spectral emission, is adapted to the spectral 
maximum of the associated color filter. Preferably, the wavelength X,ed™" associated with the 
spectral maximuni of at least one of the Ught-emitting diodes and the wavelength XcT^ 
associated with the spectral maximum of the coriesponding color filter meet the relation: 

It is favorable if the spectral bandwidth of the light-emitting diodes is 
comparatively small. In a preferred embodiment of the assembly, the spectral bandwidth 
(FWHM) of the light-emitting diodes Ues in the range between 10 ^ FWHM ^ 50 nm. 

Preferably, the spectral bandwidth lies in the range between 
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15 ^ FWHM < 30 nm. Many commercially available UEDs have a spectial bandwidth of 

approximately 20 nm. 

The amount of light emitted by the LEDs is adjusted by varying the luminous 

flux of the Ught-emitting diodes. In general, this takes place in an energy-efficient way. For 
example. LEDs can be dimmed without an appreciable loss of light output. A preferred 
embodiment of the assembly in accordance with the invention is characterized in that the 
intensity of the li^t emitted by the Ught-emitting diodes varies in response to the 
iUumination level of a picture to be displayed by the display device. 

H. by way of example, the illumination level of a picture to be displayed by 
the display devi^ is comparatively low, for example during playing a video film containing a 
scene which is shot under nightly conditions, the control electronics instructs the illumination 
system to reduce the Ught output of the LEDs accordingly. The illumination system couples 
out a comparatively smaU amount of light for illuminating the display device. The pixels of 
the display device do not have to be "pinched" to reduce the Ught from the illumination 
15 system. The transmission of die pixels of the display device can thus be optimally used to 
display a highrcontrast picture. In this manner, a maximum-contrast picture can be obtained 
in spite of the comparatively low illumination level of the picture to be displayed. 

When a pichirc with a comparatively low iUumination level is displayed, in the 
known assembly, the transmission of the pixels is reduced to obtain the desired low 
20 iUumination level, -nus leads to a low contrast of the picture, which is mrfavorable and 
undesirable. 

X^w-pressure mercury-vapor discharge lamps used as the Ught source in an 
Ulumination system can be dimmed, however, this is a comparatively slow and energy- 
inefficient process. 

25 By unlinking the illumination function and the display function of die display 

device, the illumination function being left to the iUumination system, an assembly in 
accordance with the invention is obtained having dynamic contrast possibilities. The 
assembly in accordance with die invention yields, as it were, an intelUgent backlight for 
iUuminating the (picture) display device. 
30 A particularly favorable embodiment of the assembly in accordance with the 

invention is characterized in that die intensity of the light emitted by die Ught-emitting diodes 
can be adjusted on a frame-to-frame basis. The Imninous fluxes of the LEDs can be adjusted 
sufficiently rapidly to yield the desired Ught intensity on a frame-to-frame basis. LEDs can be 
dimmed widiout a noticeable loss of Ugjit output. 
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An alternative, favorable embodiment of the assembly in accordance with the 
invention is characterized in that the intensity of the light emitted by the light-emitting diodes 
can be adjusted for each color on a frame-to-frame basis. The luminous flux of each of the 
LEDs of a different color can be adjusted sufficiently rapidly to yield the desired light 
intensity on a frame-to-frame basis. An advantage of the adjustability of the LEDs on a color- 
to-color basis is that a (set of) video ^ame(s) can be provided with a "punch" or "boost" of a 
certain color. In this case, the light intensity of one type of the colored LEDs is temporarily 
set in the "overdrive" mode. The luminous flux through the other types of colored LEDs can 
be simultaneously reduced or fevcai switched off, as desired. 

Keferably, the light source conq>rises at least three Ught-emitting diodes 
having different light-emission wavelengths. A combination of red, green and b|ue LEDs, 
which is known per se, is very suitable. In an alternative embodiment, the light source 
comprises four LEDs having different light-emission wavelengths, i.e. a combination of red, 
green, blue and amber LEDs. Combinations of said three or more LEDs of different colors 
15 enable large spaces to be encompassed in the 1931 C J. E. color triangle known to those 
skiUedintheart. 

Preferably, each of the light-emitting diodes has a luminous flux of at least 5 
Im. LEDs having such a high output are alternatively referred to as LED power packages. 
Hie use of these high-efficiency, high-ouqiut LEDs has the specific advantage that the 
20 number of LEDs can be comparatively small at a desired, comparatively high light output. 
Itiis adds to the compactness andefficiency of the illumination system to be manufactured 
Further advan^ges of the use of LEDs are a comparativd^^ 

comparatively low energy costs and low maintenance costs of an illumination system 
comprising USDs. The application of LEDs yields dynamic illumination possibilities. 
25 These and dther aspects of the invention will be apparcait from and elucidated 

with reference to the embodim«it(s) described hereinafter. 



In the drawings: 

3Q Fig. 1 A diagrammatically shows a block diagram of an assembly comprising i 

display device and an illumination system; 

Fig^ IB is a cross-sectional view of an embodiment of the assembly in 
accordance with the invention; 
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Fig. 2A shows a characteristic emission spectrum of a fluorescent lamp as 
used in the known assembly, and characteristic transmission spectra of a blue, green and icd 
color filter as a function of the wavelength; 

Fig. 2B shows a characteristic emission spectrum of blue, green and red USDs 
and characteristic transmission spectra of a blue, green and red color filter as a function of tfie 
wavelength. Mid 

Fig. 3 shows a CLE. 193 1 color triangle comprising a pluraUty of 
chiomaticity co-ordinates for the LEDs in comparison witti various color triangles in 
accordance with international standards for pictures to be displayed by (picture) display 
devices. 



The Hgnres are purely diagrammatic and not drawn to scale. Particularly for 
clarity, some dimensions are exaggerated strongly. In die Figures, like-reference numerals 
refer to like-parts whenever possible. 

Rg. 1 very diagrammatically shows a block diagram of an assembly 
comprising a display device and an iUumination system. The (picture) display device 
comprises a substrate 1 having a surface 2 pfovided witii a pattern of pixels 3, which are 
mutually separated (tiie distance between them being predetermined) in the vertical and tiie 
horizontal direction. Each pixel 3 is activated, during selection via a switching element, by 
means of ati electrode 5 of a first group of electrodes, the voltage at a data electrode 
(electrode 4 of a second group of electrodes) determining the picture content. The electrodes 
5 of the first group of electrodes are alternatively referred to as column electrodes, and the 
electrodes 4 of the second group of electrodes are alternatively referred to as row electrodes. 

In a so-called actively driven display device, electrodes 4 receive (analog) 

control signals via parallel conductors 6 fi:om a control circuit 9. and electrodes 5 receive 
(analog) control signals via parallel conductors 7 firom a control circuit 9'. In an alternative 
embodiment of tiie display device, tiie electrodes are driven via a so-called passive drive. 

To form a picture or a datagraphic representation in a relevant area of the 
surface 2 of tiie substrate 1 of tfie display device, the display device employs control 
electronics, in tins example a contml circuit 8, which drives tiie control circuits 9. 9\ hi tfie 
display device, various types of electro-optical materials may be used. Examples of electro- 
optical materials are (twisted) nematic or fenoelectric liquid crystal materials. In general, tiie 
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electro-optical materials attenuate the passed or reflected light in dependence upon a voltage 
applied across the material. 

The illumination system which is very diagrammatically shown in Fig. lA, 
comprises a plurality of light-emitting diodes (LEDs) 16B, 16G, 16R having different light- 
emission wavelengths which are driven, in the example shown in Fig. 1, via amplifiers 25B, 
25G, 25R. Preferably, the LEDs are driven by the control electronics which are also used to 
drive the display device. This is diagrammatically indicated in Fig. 1 A by means of the 
dotted line between the control circuit 8 of the display device and the control circuit 19 of the 
illumination system. This (enables the intensity of the light emitted by the light-emitting 
diodes to be varied in response to the illumination level of a picture to be displayed by the 
display device. Preferably, the intensity of the light emitted by the light-emitting diodes can 
be adjusted on a frame-to-frame basis and for each color. The luminous flux of the LEDs can 
be adjusted sufficiently rapidly to yield the desired light intensity on a frame-to-frame basis. 
In addition, the luminous flux of each of the LEDs of a different color can be adjusted 
sufficiently rapidly to yield the desired illumination level and/or color mix on a frame-to- 
ftame basis. In an alternative embodiment, the UBDs are driven by (extraaal) control 
electronics. 

• In tiie example shown in Rg. 1 A, reference numeral 16B denotes a plurality of 
blue tEDs, reference nvimeral 16G denotes a plurality of green LEDs, and reference numeral 
16R denotes a plurality of r^ LEDs. Preferably, the LEDs are arranged in a (linear) row of 
alternately red, green and blue LEDs. In the example shown in Fig. lA, the control circuit 19 
drives the LEDs 16B, 16G, 16R on a col6r-to-cblor basis, fa an. alternative embodiment; the 
control electronics drives each one of the LEDs separately. An advantage of independently 
driving each one of the LEDs is that, for example in the case of failure of one of the LEDs, 
appropriate measures can be taken in the illumination systeni to compensate for the effect of 
this failure, for example by increasing the luminous flux of nearby LEDs of a corresponding 
color. 

The source brightness of LEDs is many times that of fluorescent tubes. In 
addition, when use is made of LEDs, the efficiency with which light is coupled into the panel 
is higher than in the case of fluorescent tubes. The use of LHDs as the light source, has the 
advantage that th6 LEDs rtiay be in contact with panels made of a synthetic resin. XJBDs 
hardly emit heat iii the direction of the light-emitting panel 11, nor do they emit detrimental 
(UV) radiation. The use of LEDs has the additional advantage that means for coupling light 



PCT/EPOl/04365 

WO 01/84227 

11 

originatingfromthel^sintothepanelaxenotnecessary.Tt^euseofl^^ 

compact illumination system. 

The LEDs 16B, 16G, 16R used peferably are ISDs having a luminous flux 

above 5 Im. LEDs having such a high output are alternatively refen«l to as LED pow« 
5 packages-Examplesof powerLEDsare'3atracud."..,peI£Daa^eas).lholunu„o^^ 

L per IBD is 15 Im for red I^Ds. 13 Im for gre«. LED., 5 to for blue LEDs and 20 ta for 
amberLEDs. In an altemative embodiment, -Promethe»s-.typeI£Ds (Umuleds) am used, 
the luminous flu. per LED being 35 Imforredl^Ds. 20 lmforgree.IH>s,81m for blue 

LEDs and 401m for amber UEDs. j • 

10 Preferably, the LEDs 16, 16'. 16" are mounted on a (metal^^re) pnnted circuit 

board. If power LEDs are provided on such a (metal-core) printed circuit board (PCB). ttie 
heat generatedby the LEDs canbe readily dissipatedby means of heat conduction via the 

PCB m an interesting embodiment of the illumination system, the (metal-core) pnnted 
circuit board is in contact v.ith the housing of the display device via a heat-conducting 

15 connection. ^ 4. 

Hg. IB is a diagtammaBc. cioss-secUonal view of an embodmKnt of the 

^^ly to ««>rdanco v^ith the mvcntion. The iUumination system comprises a light- 
emitting p««l 11 of a Ught-transmitting matedal, which is made from, for example, a_ 
■ synthedc .«in, »=ryl. polycarbonate. PMMA, such as Perspex, or glass. U.d« the mfluenc. 
20 otto.alintem.l»fl.ction,Ughtis.ransported.inop«atton.throughthepanelll.-n»pand 
1 1 has a ftont vvan 12 aid , tear wan 13 opposite said ftont wan. Between fl» tent wan 12 
sndther^wUlW-the^a^^Jgea^as 14. 15. In .he example shown inKg: lA.tbe«lge 
^ refer«K.d 14 is light-tram»ni.tog. a light source 16 being associated with said edge 
IWs li^ soun=. 16 comprises a plurality of UBDs of different colota 16B. 160. 16R 

25 (seeHg.lA;inH&lBonlyoneLEDisshown), ^ 
B, operation, light originating from the LEDS 16B, 16G, 16R is inctdent on the 

J^t.transmi.ttag edge .re. 14 and diffuses in .he panel U . in acc.^ wi« the prinaple 

of total intent) trflecdon. the light continues to move back and forth in the panel 1 1. unless 
meUghtiscoupWoutoflhepanel ILforexampteby. deformity, whichisdelibera^ly 
30 provided.H,eedg.are.opp«dtethelight.transmitdngedgeareal4bearsrefcrencen«meral 

15 and is, preftobly, provided, except .t fte location where a sensor 10 is situated to 
,^,heop.ic.lpH.per.iesof.h.Ugh.emit»d,inoperation,byd,eLEDs,witha 

r.fl«=tingco«ing(.o.showninKg. IB) for mainUdntag the light origmating from fteh^t 

source 16B, 16G, 16R within the pa«l. Said sensor 10 is coupled, for example, to the control 
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circuit 19 (not shown in Fig. IB) for suitably adapting and/or changing the luminous flux 
through the LEDs 16. By means of the sensor 10 and the control circuit 19, a feedback 
mechanism can be formed which is used to influence the quality and the quantity of the light 
coupled out of the panel 11. 
5 Coupling means for coupling out light are provided on a surface 18 of the rear 

wall 13 of the light-emitting panel 11. These coupling means serve as a secondary light 
source. A specific optical system may be associated with this secondary light source, which 
optical system is provided, for example, on the front wall 12 (not shown in Fig. 2), The 
optical system may be used, for example, to form a broad light beam. 
10 Said coupling means consist of (patterns of) deformities and comprise, for 

example, screen-printed dots, wedges and/or lidges. The coupling means are formed in the 
rear wall 13 of the panel 11, for example, by means of etching, scribing or sandblasting. In an 
alternative embodiment, the deformities are formed in the front wall 12 of the panel 11. The 
light is coupled out of the illumination system in the direction of the LCD display device (see 
15 the horizontal arrows in Fig. IB) by means of reflection, scattering and/or refraction. 

Fig. IB shows an optional (polarizing) diffuser 28 and a (polarizing) reflective 
diffuser 29, which bring about further mixing of the light originating from the light-emitting 
panel 11, and which make sure that the light has the desired direction of polarization for the 
(LCD) (picture) display device. 
20 Fig. IB also very diagrammatically shows an example of an LCD display 

device comprising a liquid crystal display (LCD) panel 4 and a color filter 5. In the example 
shown in Fig. IB, LC ielements 4A, 4A' are arranged so as to allow passage of light. 

LC elements 4B, 4B ' (marked with a cross), however, do not pass light (see the 
horizontal arrows shown in Fig. IB). In this example, the color filter 5 comprises three basic 
25 colors indicated by means of color filter 5B (blue), color filter 5G (green) and color filter 5R 
(red). The color filters SB, 5G, 5R in the color filter 5 correspond to corresponding LC 
elements of the LCD panel 4. The color filters 5B, 5G, 5R only pass light which corresponds 
to the color of the relevant color filter. 

The assembly of the illumination system comprising the light-emitting panel 
30 1 1, the LEDs 16 and the display device comprising the LCD panel 4 and the color filter 5 in a 
housing 20, is used, in particular, to display (video) pictures or datagraphic information. 

Hg. 2A shows a characteristic emission spectrum (curve f) of a fluorescent 
lamp as used in the known assembly, and characteristic transmission spectra of a blue (curve 
a), green (curve b) and red (curve c) color filter as a function of the wavelength X in nm in the 
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Visible range. The emission spectrum of the fluorescent lamp, indicated by means of curve (f) 
in Fig. 2A, comprises a number of main bands at various wavelaigths. whUe also a 
substantial part of the energy is emitted at other wavelengths. Since the fluorescent lamp 
emits a part of its energy in spectral regions where the color filters are comparatively 
insensitive, the energy of the light source is converted, in the knov^m assembly, in a 
comparatively inefficient way into a brightness of a picture displayed by the display device. 
As a result, the energy efficiency of the known assembly is comparatively low. In addition, 
given the type of fluorescent lamp, the emission spectrum of the discharge lamp is fixed for 
the entire visible spectrum. It is not possible to shift bands in the spectrum with respect to 
each other in order to obtain a better match with the transmission spectra of the color filters, 
it is possible, however, to choose, as has been done in the known assembly, a discharge lamp 
comprising a different mixture of phosphors, for example a fluorescent lamp having a higher 
color temperature, the position of the various bands being moved with respect to the 
exemplaiy spectrum (curve f) in Rg. 2A. 

The three color filters in the display device, indicated by means of curve (a), 
(b) and (c) in Hg. 2A. exhibit an absorption band with a maximum. Li general, the blue color 
filter 5B (curve a) and the green color filter 5G (curve b) exhibit a comparatively wide 
spectral band in the visible spectrum. The red color filter 5R (curve c) has a wide band which 
is partly situated outside the visible range and. in addition, a comparatively wide maximum. 

Hg. 2B shows characteristic emissioii spectra of blue (curve a% green (curve 
V) and red (curve c") LEDs and characteristic transmission spectra of a blue (curve a), green 
(curve b) and red (cUrVe b) color filt^ as a fimction of the wavelength X in nm. The color 
filters (curve a, curve b and curve c) in Fig. 2B are the same as in Fig. 2A. Taking into 
consideration the shape of the transmission spectra of the blue color filter 5B (curve a) and 
the green color filter 5G (curve b), it is comparatively easy to find suitable LEDs for these 
spectral bands. enabUng the maxima in the spectra of the LED and the color filter to be 
satisfartorUy matched. The enussion spectrmn of the blue LED ^ 1^^^^ 
maximum at approximately 465 nm and a FWHM of approximately 25 nm. The emission 
spectrum of the green LED 16G (curve b") has a maximum at approximately 520 nm and a 
) FWHM of approTiiinately 40 nm. 

An important advantage of the use of LEDs as a light source over the low- 
pressure mercury-vapor discharge lamp in the known assembly is tiiat each of the differently 
colored LEDs can be attuned, independent of the I^s of a different color, to the color filter 
associated therewith. For example, in Hg. 2B. the spectral match of the green LED (curve b") 
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in relation to the transmission spectrum (curve b) of the green color filter is not optimal. By 
choosing a green LED having an emission spectrum (curve b") with a maximum at 
approximately 535 nm, the green LED is better adapted to the green color filter. 

Since the red color filter 5R (curve c) has a wide band, which is partly situated 
outside the visible range, the choice of a suitable red LED 16R to match the red color filter 
5R is also determined by other factors, for example the eye sensitivity curve. For this reason, 
use is often made of four colors of LEDs, namely a mix of blue, (bluish) green, amber and 
red LEDs. instead of the three basic colors (blue, green, red). 

■nie use of LEDs hdvihg different Ught-emission wavelengths as a Ught 
source, said LEDs being associated with the color filters in the display device, results in an 
increased efficiency of the assembly and in an inipibv^ capacity for displaying colors of a 
picture displayed by the display devicei. Since the LEDs have a comparatively small 
bandwidth (FWHM, typically of fte order of ^ 50 mn), the spectral emission of the LEDs can 
be attuned to the spectrum of the color filters in such a manner tfiat an optimum energy 
convci^sibi tdies place in the assembly. This results in a great fi^edom of choice to optimally 
"associate" LEDs vidlh vmous types of color filters. 

Rg. 3 diows a C.IJB. 1931 color triangle comprising a pluraUty of color co- 
ordinates for the LEDs, which color triangle is compared with various color triangles in 
accordance with international standards for pictores to be displayed by (picture) display 
devices. Two types of LEDs are shown, namely InGaN LEDs indicated by filled-in circles 
and AlInGaP LEDs indicated by <q)en circles. Fig. 3 shows eleven InGaN LEDs of different 
colors, storting vdth ah LED having a wavelength of maximum spectral eniission at 450hni, 
and the special emission of each of the following LEDs is 10 nm higher than lhat of the 
pi^vioiis Ll^, ihe iMf LED having a wiaveleiigth of maximum spectral emissicm at 550 nm 
(several wavelengths of a number of LEDs are indicated in Hg. 3). In principle, LEDs can be 
manufactured at every intranediate wavelength (symboUzed by the flowing broken line 
between "the fiiled-in circles): Fig. 3 shbwsseven AHnGaP LEDs of different colors, starting 
witfi an LED hiving a wavelength of maximum spectral emission at 590 nm, and the spectral 
emission of each of the following LEDs is 10 nm higher than that of the previous LED, the 
last LED having a wavelength of maximum spectral emission at 650 nm (several 
wavelengths of a number of LEDs are indicated in Fig. 3). In ininciple. LEDs can be 
manufactured at every intermediate wavelength (symboUzed by the broken.line between the 
open circles). 
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Fig. 3 further shows various color triangles as laid down in international 
standards for pictures to be displayedby (picture) display devices. The vertices of the color 
triangle in accordance with the EBU standard are indicated by means of fiUed-in squares, and 
the vertices of the color triangle in accordance with the NTSC standard are indicated by 

means of filled-in triangles. 

By using LEDs instead of fluorescent lamps as die light source, much larger 
color spaces in the CLE. color triangle can be encompassed. For example, the NTSC color 
space can be substantiaUy covered by using blue I£Ds having a wavelength of maximum 
spectral emission at 470 nm, green LEDs having a wavelength of maximum spectral emission 
at 530 nm, and red IJEDs having a wavelength of maximum spectral emission at 610 nm. The 
EBU color space can be entirely covered by using blue LEDs having a wavelength of 
maximmn spectral emission at 460 nm. green UEDs having a wavelengdi of maximum 
spectral emission at 545 nm and red LEDs having a wavelength of maximum spectral 
emission at 610 mn. By suitably choosing the mix of LEDs having different light emission 
wavelengths in the illumination system and by property matching the LEDs and the color 
filters in die display device,' an energy-efficient assembly is obtained, substantially all 
standard color spaces can be covered, and a display device is obtained which is capable of 
displaying pictures with a great variety of bright and strong colors. 

The appUcation, in the illumination system, of fluorescent lamps having a 
broadband emission spectrum in combination with broadband color filters in die display 
device leads to a limited color space in the C.IJS. 1931 color triangle. By way of example. 
Kg. 3 shows the vertices of die color space of aknown active-matrix LCD. which are 

represented by open diamonds. This color space for an active-matrix LCD is comparatively 
limited in size, so diat only a Umited nmnber of colors can be displayed by the display 
device. 

In addition, m the known assembly, a white point is formed on the display 
device by guiding white light originating from fluorescent lamps witii a fixed color 
temperature via die LC elements to die corresponding blue, green and red color filters. This is 
achieved by controlling die du»e LC elements in die transmission state. If a color 
) temperature of the picture to be displayed by die display device is desired which differs from 
d,e color temperature corresponding to die light emitted by die fluorescent lamps, then die 
transmission factors of diiee LC elements are controlled such diat die desired shift of die 
color temperature is obtained. As to diat, it is generally necessary to block a substantial part 
of die light transmitted by die LC elements, because a change of the color temperature 
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requires a substantial part of the blue or red light in the visible spectrum to be captured. Since 
the LC elements block a substantial part of the light, a considerable reduction in contrast of 
the image to be displayed occurs. 

In the assembly in accordance with the invention, the change of the color 
temperature is unlinked from (the LC elements in) the display device and delegated to the 
illumination system. If a different color temperature of the picture to be displayed by the 
display device is desired, then the differently colored LEDs are driven in the illumination 
system (by flie control circuit 19 of the illumination system in cooperation with the control 
circuit 8 of the display device) such that the color temperature of the light emitted by the 
illmnination system is adapted to the desired coIot point of the picture to be displayed by the 
display device. 

As a result thereof, the LC elements no longer have to contribute to the color 
temperature of the picture to be displayed by the display device, so that the LC elements can 
be used very effectively to display a high-contrast picture. The desired mixed colors of red, 
green and blue can thus be formed on the display device by guiding light originating from the 
illumination system via the LC elements to thb corresjponding blue, green and red color 
filters, the transmittancc of each one of the LC elemmts corresponding to the desired color. 
In this situation, additional pinching of tiie LC elements is not necessary to simultaneously 
obtain the desired color temperature of the picture to be displayed by the display device. 

It will be obvious that, within the scope of the invention, many variations are 

possible to those skilled in the art. 

*■ The scope of protebtion of the invention is not lirriited to the examples given 

hereinabove. The invention is embodied in each novel characteristic and each combination of 
characteristics. Reference nurnefals in the claims do not limit the scope of protection thereof. 
The use of the verb "to comprise" and its conjugations does not exclude the presence of 
elements other than those mentioned in the claims. The use of the article "a" or "an" in front 
of an element does not exclude the presence of a plurality of such elements. 
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1, An asscanbly comprising 

- a display device provided with a pattern of pixels (3) associated with color 

filters (5B, 5G, 5R), and 

- an illumination system for illuminating the display device. 

- said illumination system comprising a light-emitting panel (1 1) and at least 
one light source (16), said light source (16) be«>g associated xvitK the light-emitting panel 

(1 1), characterized iii that 

- the Ught source (16) comprises at least three light-emitting diodes (16B. 16G. 

16R) having different light-emission wavelengths, 

. said Ught-emitting diodes (16B. 16G. 16R) beiiig associated with the color 

filters (5B, 5G, 5R). 



2. An assembly as claimed in claim 1. characterized in that 

- the light source (16) comprises three Ught-onitting diodes (16B, 16G, 16R) 
15 having different Ught-emission wavelengths, and 

- the color filter comprises three color filters (SB, 5G, 5R). 

- the spectral emission of each time one of the three light-emitting . dio<les . 
(16B; 16G; 16R) being substantidly adapted to the spectruin of one of the^^^^ 

5G; 5R). 



20 



J An assembly as claimed in claim lor 2, characterized in that 

- the light source (16) comprises at least one blue light-emitting diode, at least 
one green light-emitting diode and at least one red light-emitting diode (16B. 16G. 16R), 

- the color filter (5B. 5G, 5R) comprises a blue, a green and a red color filter. 

25 and . ... ... . 

- in operation, the blue color filter (5B) predominantiy passes H^t onginating 

from the blue light-emitting diode (16B), the green color filter (5G) predominiitly passes 
light originating from the green light-emitting diode (16G) and the red color filter (5R) 
predominantly passes Ught originating from the red light-emitting diode (16R). 
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4^ An assembly as claimed in claim 1 or 2, characterized in that at least one of 

the light-emitting diodes (16B, 16G, 16R) is chosen such that the wavelength associated with 
the spectral maximum of the light-emitting diodes (16B, 16G, 16R) corresponds to the 
wavelength associated with the spectral maximum of the corresponding color filter (5B, 5G, 
5R) in the visible spectrum. 

5. An assembly as clainied in claim 4, characterized in that the wavelength he6^^ 
associated with the spectral maximum of at least one of the light-emitting diodes (16B, 16G, 
16R) and the wavelength Xcf™" associated with the spectral maximum of the corresponding 

color filter (5B,5G,5R) meet the relation: | Aj^ ^^T" I - ^ 

6. An assembly as claimed in claim 1 or 2, characterized in that the spectral 
bandwidth (FWHIVI) of the light-emitting diodes (16B, 16G, 16R) lies in the range between 
10<FWHM<50nm. 

7. An assembly as claimed in claim 6, characterized in that the spectral 
bandwidth lies in the range between 15 < FWHM < 30 nm. 

8. An assembly as claimed in claim 1 or 2, characterized in that the intensity of 
the light einittedbf the light-emitting diodes (16B, 16G, 16R) varies in response to the . 
illumination level of a picture to be displayed by the display device. 

9. An assembly as claimed in claim 8, characterized in that the intensity of the 
light emitted by the light-emitting diodes (16B, 16G, 16R) can be adjusted on a frame-to- 
frame basis. 

10. An assembly as claimed in claim 8, characterized in that the intensity of the 
light emitted by the light-emitting diodes (16B, 16G, 16R) can be adjusted for each color on a 
frame-to-fraine basis. 

11. Ah assembly as claimed in claim 1 or 2, characterized in that each one of the 
light-emitting diodes (16B, 16G, 16R) has a luminous flux of at least 5 Im. 
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12. An assembly as claimed in claim 11. characterized in that the light-emitting 
diodes (16B, 16G. 16R) are mounted on a printed circuit board. 

13. A display device for use in an assembly as claimed in claim 1 or 2. 

14. An illumination system for use in an assembly as claimed in claim lor 2. 
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FIG. IB 



wo 01/84227 



PCT/EPOl/04365 




wo 01/84227 



PCT/EPOl/04365 




wo 01/84227 



PCT/EPOl/04365 




INTERNATIONAL SEARCH REPORT 



tn mal Application No 

PCT/EP 01/04365 



i AccoTCflng to Intemallona! Patent gasslflcallon (tPQ o r to both national ctessmcatlon and IPC 
I B. REI-DS SEARCHED 



, Mhlmunidocimientatlon searched (dasdfic^lon system followed by dassfficallon 

IPC 7 602F G09G F21V 



symbols) 



I Documentallon 



searched other than irtlnlmum documen tBtlon toihe extent that such documents eie Incliided In the fields searcfaed 



I Electronlcdalabaseconsulteddurlngthe Intem atlanal search (name of data bass and. wtiompnidlcal. search terms used) 

EPO-Internal , WPI Data, PAJ 



LEVANT 



Category • I Citation of document, wllh IndteaMon. vyhere appropriate, of the relevant passages 



Relevant lo claim No. 



us 4 870 484 A (SONEHARA TOMIO) 
26 September 1989 (1989-09-26) 
column 1, line 50 -column 2, line 3 
column 4, line 31 -column 5, line 6 
column 8, line 21 - line 46; figures 2A,12 

EP 0 984 314 A (SEMICONDUCTOR ENERGY LAB) 

8 March 2000 (2000-03-08) 

column 2, line 10 - line 42 

column 4, line 31 - line 58 

column B, line 30 -column 7, line 4; 

figures 1A-2,4A-5B 

-/- 



1-4.13, 
14 



III 



Further documents are listed In the contlnualton of box C. 



Patent family members are listed In annex. 



I • Special categories of died documents : 

■A* document denning the general sWleolthe art which Is not 

considered to be of particular relevance 
•E* eartier document but published on or after the international 

liQng date 

•L» document which may throw doubts on prioilty daim(s) or 
SSdh Is cHed lo e^abGsh the publication date of another 
Citation or other special reason (as specified) 
I •cr documeni reienlng to an oral disclosure, use, exWWUon or 
other means , 

I -P- document pubUshed prior to the International f Wng date but 
later than the priority dale claimed 



T" later document published after the International tiling date 
or Prtorny date and not In conffld wim the appflcatton but 
died to understand the prindple or theory underlying the 
Invention 

•X' document of particular lelevance; the claimed Invention 
«mnol be consldorwl novel or cannot be considered to 
involve an Inventhre Step when the document Is taKen alone 

•Y' document of particular rrtevanoo; the claimed Inventtori 
^not be cbnsldered to bivohfe an invenftje etopwhen l^ 
document Is combined with one or more other sucti docii- 
ments, such combination bebig obvious to a person ewuea 
tn the art . -. 

document member of the same patent lamRy 



Date of the actual completion ot the International seardi 

29 August 2001 



Date or roaiimo or the Iniemauonal search report 
06/09/2001 



Name and mailing address of the ISA 

European Patent Omco, P.B. 5B1B Palenllaan 2 
NL-2280HVRl|SwgK 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Manntz, W 



FoiTD PCT/ISA/ZIO (second sheet) (JuV ^BSZ) 



INTERNATIONAL SEARCH REPORT 



C.(ConMnuallon) DOCUMENTS CONSIDERED TO BE RELEVANT 



In >nal AppUcation No 

PCT/EP 01/04365 



Categoty' I CHation of document, with Incficatkm. where appropriate, of the rdevent passages 



nelevam to claim No. 



EP 0 915 363 A (MOKIA DISPLAY PRODUCTS OY) 

12 May 1999 (1999-05-12) 

cited In the application 

column 1, line 55 -column 2, line 23 

column 3, line 31 -column 4, line 11; 

figures 1-3 

"WHITE BALANCE CONTROL METHODS ON LIQUID 
CRYSTAL DISPLAY" 

IBM TECHNICAL DISCLOSURE BULLETIN, IBM 
CORP. NEW YORK, US, 
vol. 37, no. 11, 

1 November 1994 (1994-11-01), pages 
425-426, XP000487289 
ISSN: 0018-8689 
the Whole document 

US 5 690 421 A (SHEA MICHAEL JOSEPH ET 
AL) 25 November 1997 (1997-11-25) 
column 4, line 14 -column 5, line 6 
column 6, line 11 - line 29; claims 1-13; 
figures lA-lC 

US 5 375 043 A (TOKUMAGA MAKOTO) 
20 December 1994 (1994-12-20) 
column 3, line 54 -column 4, line 31; 
claim 1; figures 1-S 



1,8-10 



1,8-10 



6,7 



1,8-11 



Fomt PCT/ISA/»10 <c<rtlnualion of second shed) (July 1992) 



INTERNATIONAL SEARCH REPORT 

■ntormaUon on patent lamliy mem tiers 



Patent document 
died In searcli report 



Publication 



US 4870484 



EP 0984314 



EP 0915363 



US 5690421 



26-09-1989 



08-03-2000 



12-05-1999 



25-11-1997 



Ir anal AppHcaUon No 

PCT/EP 01/04365 



Patent family 
membei(s) 



OP 
JP 
OP 
• OP 
OP 
OP 
US 



2093352 C 

7097444 B 
59210411 A 
59210481 A 

6042029 B 
60130715 A 

RE35792 E 



OP 2000081848 A 



FI 
US 



974167 A 
6213615 B 



NONE 



Publication 
date 



18-09-1996 
18-10-1995 
29-11-1984 
29-11-1984 
01-06-1994 
12-07-1985 
25-07-2000 

21-03-2000 



08-05-1999 
10-04-2001 



i 

t 

i 



THIS PAGE BLANK 



